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£ #2fl^l ^2: ^ ^—S. , ^ ^ oj-g-^Qj ^ 

S.S| all 2: y o V ^^r afl^th 
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\f\}s.z\ 4:^>S] ^}2i «J-^{Method of manufacturing a flash memory device} 
£ la vfl*l £ ldxr ^ #HJM °fl5LE} ^>Sl -£^S}7j ^ 

10 : tiVS^ll ^l^- 12 : 

16 : #2)-^ 18, 22, 28 : #5] 

20 : 4i7} ^-E^ 24 : TlHH 

26 : -fr^l^ 30 : ^E]^\o)^ 

32 : ^H* 711 oje ^ 34 : ^^^^ 

l^^r #2fl^l °fl-S.^ 2) 43i «J-^ofl ^O.^., Jl^oj- ^EflA] 

4i7>^ -g-B} tf^s^ ^ oi^ «J-»H1 ^ ^olcf. 
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§2flA] ±7}^ T-^o)) °X°]x\ t\7\ ^KSelf Aligned) °}°}<k$} 
°l^(Shal low Trench Isolation; ^>1*> 'STI'Sr^O^ £-5^^- ^^^S.^ &\ 

^ ^Sf^ ^* #*l*r^ ±.7-} 7\{^t}jL ^4. *M1^> Ol-g- 

*H ^€ H^l^E^ ^(Well) ^^aZf ^ ^^^H Jl^^-i- °l7}*}7] 

4i^(Source)s|- ^-^1^1 (Drain) (Junction) ^(Plus) A}-g-s>jL ^> 

31 <>1 (Double Doped Drain; °}*\ 'DDD'erf") <y#£H(Plug 
Implant) ^-8: °l-§-*M ^^r^ 9X^. °l^tr DDD ^ jL*i<y- 0I7HI cfl^}- ti.eflol 3 

^(Breakdown) ^-8: ^*1H ^-fr^ ^# ^^Hl &nf. °H , ii<4 JEL^s} #o> 
^1 ^l-Sr^^S ol^H Si B^liE^H A>-g-*}^ 1.0V ^ #<£o) ^ u|.Ef 

^ o)^^oi 0.5.5: 1.0V °]* r ^ m± 7 \ <H3£ -£-^7} ^tri=f. 

S^l34^ ^ 7fl^ ^*fl ^^^o]] <^^ 7l . 01^ BF2 °l£r-§- tifl^l*V Bll# o]-g-*> 

^ -M^ltrCf. *r*l<?h -g-i(Bll)* ol-g-^H °l£r ^* ^l*r7fl S| £ , ^7} 

"d^M tO-g-^H ^ ^<3€ H^B. °]^-EL 

(Transient Enhanced Diffusion; °l* r *TED' 2Hr)°l l^^r^ Tr*fl^°l 

£3 Sr ^ 5U^r #2flA] ofls.^ ^>2l Tfl ^ °o v ^* ^SRrdl zl -=-*jol 01 cf. 
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[^21 ^ ^ *]--§-] 

S.^^- ^§>7l W 71^^ ^ilJL, #513] 7)^oll 2 

<^V ^sj.oi a o]^^r ^]*}±r #31 $k #7) aVE*fl 7l# -tfofl ^ ^ c*j ^ jg c eg ^ 
£3» ^^M: *l^*Rr ^Tflsq-, ^-71 %^<3<* ^Hl Ei-i #3^, fi^ 

^d^-, -fr^*)]^ ^ fiHl- 7fl°lH igtflo} ^ojE 3^.0. cf^ ^ # 7 ] 

Tfl^lH #7l #51*1] 7)#o11 ^ o]^r°J* -*H«H DDD^S^ ^ 

^*Kr #31* if-^ ^^5. ^ 1-EflA] pflS.^ i^2] ^12: ^-g- ^]^*V 

M- °1*HH 7flAi^^ ^ahh ^ s] ^ ^oi o>qej- x\g_ z}<&i& t§m\3_ ^ 

^<H] u]-€- H NAND 4i7>oj ^o. x c] ^(Decoder) H€^l^ 

<4 ^ B^E^^E-ls. ^--g-^- Jl*}^ MOSS] DDD ^^^.S. ^^tbcf. ^-71 H^7li 

BH-o] p ^ ^ cgo^ ^ ^ eg ofl Jl^^-o] °\7}S\7) ttfl^-olcf. Jl^o}- «y 7 Hl ^ 
weflolacf^r ^ ^-fr ^«fl BF 2 ^^Ma. <H^^ (Spike Annealing)^ ^ 
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S.^^. H3J= 1 dm(Post Thermal Treatment)* *Htri=f. ^(Channel Junction) 

^ 2r-ff^ 5L^B (Retained Dopant)^ ^ ^(Concentration)^: #713 o_3. <#^tr 

#HflA| v\]5L?) i7ff ^ &tK 

<15> £ la tfl*l £ ldir t^l 4^- #efl*l ^1-2.^ ^*><£| ^2: U-'S-g- ^^*>7l 

<ie> £ la* 7l^r(l0) A oHl 4i7^ §-nJ #<y- a^S* ^ oj-g-^oj-g- *J 

#51*11 71^(10)^1 «V£*ll 71^(10)^- a.^*>7l ^tb ia?l ^^-(^£^1)* ^ 

<i?> ^3 _o S( ^-71^ ia^l -i+Sj-^ *8^3l #51*11 71^(10)3] Afl^^- H 2 0 Q HF^l 

^^-til^o] 50 : io] DHF(Di lute HF)^ NH4OH, H 2 0 2 3? H 2 03. SC-l(Standard Cleaning - 

D* ol-g-SfTiq-, NH 4 F5f ^^-til^ol 100:1 ifl*l 300: 1*?! B0E(Buffered Oxide Etch)£f 

NH4OH, H 2 0 2 ^ H 2 0S ^£ SC-1* °}-g-*H ^3*3* -HA]#tk 750 800°C^ 

^51^ MHH £^ SEfe ^1*H 30 vfl^l 120A #71 iH^l ^S}-^- 

* #51*11 71^(10)^ P E^-ojo) a>*^. 

<18> ^ofl 3.^^. 3^ P bI-^SI Sl^B* * r -g-*H 5 vfl^l 50 KeVSl o] 

^r^°d °ll M *1 5. 1E11 vfl^l IE 13 ion/cuf^ 512,^ ^°d^H M 2:^* ^tr 

(12)-& ^^tr4. «>^*r7fl^- 5E12 ifl*l 5E13 ion/cnf^ 51 ^ P Bj-<^ 

*1 49BF 2 « Af-g-^ji, ^fl^^o) ^cfl^v q^s)^ 3 tfl^j 13° o)^- ^ 

¥^ ^iT^l ^o]ol £1^1 S>JL, ^4 ^^S] -^ol Q-jr ^5LSl 2^-2.5. 
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<19> £ lb ^ £ lcl- , isl-o}H <H^.g. ^1*}g} ^oj£| ol ^.o. o]-^5). ^ 

«V£*11 7)^(10) &) s ^3^(16) * ^11 1 fe] ^3^(18)* ^>^o.S. ni^^. 

<20> o Si h 2 N 2 ^-^7] ^^Ha. o^u^ 3§.f% P eJ.oi j£^Eaf f-Tfl ol 

-&^r°d^ F19 o}*- u]*f^(0ut Diffusion) ^l^i, ^ ^ o}-£ 

7>^(0utgassing)# -S*lth=h 900 1100°C^ ^5.5. ^3}-°] 3. ^^^^ -^^1 tt^f . 

3. ^H^#(Ramp Up! ^^£)^r 100 ^} 250 °C/sec S. ^l*J-8r *Vcf. ^s^h 

-Sl£- <I*l5H *l-<£ ^Hz)-^ <3*ll*Kr 3* ^ ^-^ ^>7l ^*fl N 2 £ 

s%7}°\)*\ ^}f>}JL, F19 °l^o} o>^- ^ <>m H 2 NH 3 £-37HH ^a]*V 

Cf. i^la **fl #^(F19) ol^-o] o}*- 7}^S\#*), #*fl ^°J^ -g-i:(B)ol 

^ SE# ^] 7H^4. 

<2i> £ 2^r i^MB. <H^-§- ^ -5-^^- Sri ol^-o) ^ £ uj-Bf^H ZLeflHclcf. 

<22> £ 2^ l-i(F) -S^l- M-E}\fl 3H^L, -g-i(B) oj^o] ^ £ 

$3hl- El-u^ufl ^Jojcf. A ^ ^^^r §-«J BF 2 ^ojofl 

M-eI-vS ^o]4. B ^ ^ s]- oia. oi^*y *^i b^- f 4^- M-Hf 

Vfl £ 2^1 H a.^- a>^ol. ^ *|<y- i^-i- ol^-^oj^- ^Altb cf-g-, 
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^ ^ 5L#^2] B F 2 °l-g-*H ^ 7"1 

^3 ^*<HH F19<>11 71^1^ ^*>S «?lSfl Af-g-^- ^ 

°? "S-^ ^ ol^ojo. ^ oj^.*), l.OVo]^ ^°*Mr 

^ &nf. -frs. ifloj| ^a>7> #^r(Steep) «-«J 2:^-8: ^tr 5^ 

* *r 5£j1, °l3.°]*fl FN E^U* °l-§-*Rr NAND #2JM dfc*HM # *>3|- 

^ ^ *^r» <W^" ^ *fl\l ^^vflfil ^<8€ Bll M7> ^sMh ^ F19 <>} 

3-7KM1 ^*fl Bll #ff- £^ #di£)<H #«?M- S^^t ^ £UH, -g-^ 51*g 

^ ^S., 7>^, ^8*1 #W *flV| ^iflS] E 3g^ Cfs^ ^ - .g-!} 

cf. ^7] ^rSj-^-^^r 750 ifl*l 800 M ^r£^^ ifloflA^ ^ A>2j-# ^I^^Jl, 900 ifl*l 
910°C£] £:H<M N 2 -fr °l-g-«H 20 vfl^) 30^-Tj: «H^-§- ^^^cf. e^ ^^(16) tf<*H 580 
vflx] 620t:^ ^J£<2}- 0.1 vfl^] 3.0torr^ ^ «HH Sj-*]- 7l>£ (Chemical Vaper 

Deposition; CVD) , s}-*r 7l# ^^(Low Pressure CVD; LP-CVD), #b}^°> ^1^= sj- 

«h 71^" (Plasma Enhanced CVD; PE-CVD) rfl7l<y- 7l# (Atmospheric 

Pressure CVD; AP-CVD) ^^-S SiH 4 SE^ Si 2 H 6 PH 3 7>^# ol^-*>o^ 250 vfl^l 500 A ^ 
^-^lS P ^£7> 1.5E20 3.0E20atoms/cc ^£ »1 1 1-5} ^e) 

^^"(18)^- ^trCr. *fl 1 ^&)s^(18)^ <y£7> ^Tfl 
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^ *r 5Ui}. 31 1 ^&1^(18)£: ^> *§^*1 a^n}- t}jL> ^ 

£ Id!- 3zflEi^ ^Ai^H -g-el^(20)^ 4^, 31 2 #e] 

* ^ #31 cfxVl- trJ-H^- -R-#3m(26)-§- ^*Kn, #31 ^<^1 711 

°1H #^-§- JtflBl^ ^Al^H ?1H* TflojE #^-(32)# 

^f. °l^°d* ^l*}^ ^^(34)^ ^?M=f. 

^313^, 31 1 #el ^51^(18) 3fl^ ^5l-^( D l^l)^r f^}<*| H 

€*1 oH#3H# (Shallow Trench Isolation; STI) ^-t- ^-g-, STI H^^l(cl£^l) 
1- «KE31 71^- (10) vflo]] *§^*H ^^> 7 > ^cg^jq- #^>^ ^ = 

«V£3l 71^(10)^: ^-Bl?Vc|-. ^^DXHigh Density Plasma; HDP) ^5|-^8: 

*§-n sti h 31*1-1- nfl^ti- ^--s-, ^sj- ^4 ^nn ^1*}^ 31 1 

€b! ^el#si-(18)* ^#^4. 31 2 ^el ^sl^(22)-g- ^*rtr cf-g- sflel 

^ 5££r Jg^Sj- ^^g- ^s}<*| 31 1 ^ 31 2 1- Sl ^£1-^(18 ^ 22)o.S. ^€ #5.^ 31 
°IB #^-(24)-g- ^^tbcf. 31 2 #51 ^-^(22)^ 31 1 ^51^(18)4 ^gtr *M 

^ n]-g- 400 tfl^l 1000A ^15. f^HsH ^ W. 5E?h 4^ LPCVD H 0 Vl 3 ga- 

ol's- ^ 900 vfl# 2000 A -r-^llS ^*J-i}. 

#31^2: ^.^># nl-el- *ll l ^-5l-^-/^5}-^-/3l 2 ^^(SiC^-Sia^-SiC^; 0N0) 

7-^9) -^-#31^(26)^ ONO^S^ -^-#31^(26)* ^^1 SH*!, ONO^-S^l >tf| l 

^ 31 2 ^s^MS.^)^ -f^r*r vfl^ TDDB(Time Dependent Dielectric Breakdown)-^ <3 
DCS(Dichloro Si lane; SiH 2 Cl 2 )^r N 2 0 7>i» dtiS. s}^ J1^3}-^(Hot Temperature 
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Oxide)* f^tr*}. SEtr *ll 1 ^ 2 -*}-o]o} DCSSf NH 3 7>>i» o] 

-g-*H 1 vfl*l 3torr^ ^ <g-3|3j. 650 xfl*l 800'C^£^ ^£ *HM ^ ^tH^^]7> 
^2:*!^ CVD, PE-CVD, LP-CVD 5£^r AP-CVD* °l-§-*H ^aj-^-cJ-. ^ -f-sfl 

*fl 1 #3*^8- 35 ifl^l 100A 50 vfl^l 100A 3^«H, 

2 -y-sK^g: 35 vfl*1 150A «|^^. ONO^ ^ ^ ONO^ ll* ^a1?]jl 

^ <>! 3 5fl interface)* #$^7] ^ ^VsJ-wJ-^i o_S ^ 750 vfl*l 800 °C -8:^1^1 SL 

M^*8 (monitoring wafer)* 7l^°_S ^ 150 tfl^l 300A^ <£Q ^ 



<H^(steam anneal)* *r 5*4. M-^>7> #7l #7l ^ °1^* 4^*1 



*1<3*13>°1 <r ^1?> ^-^* 7><£ a>^-^ SE^ 

<28> ^E* Tfl^lB *fl 3 ^^^.^-(28)31)- B^^j ^e|A>oi=.^-(30) o. 

S. tHS^t. 4 3 #3 ^Sl^(28)3 *§^1 ^^1^(26)^1 JI-g-£H ^VSr^- *M|* 

#7>a]^ ^ 54^ ^-^r-i- « 0 v^^j7, ^^^( W )4 <y(p)o] ^^-o. #tfl WP X # 

51 u o v *l*r7l ^sfl ^-4 ^ ^Kdoped and undoped)^ 2f^ 

510 ifl^l 550°C^ ^r£2f 1.0 ifl*] 3torr^ <y-^ *HH CVD, PE-CVD, LP-CVD SE^ 
AP-CVD* °l-g-*H f^*Kr 53 o] a]-^^sl-rf. oj S *| ^ 

AH cnv (30 )ol -^-S^ -2- = ^ ^(Blowing-up)* "J-^m ^ Sinf. JE^El^ ^sf 
3*1 ^ ^ til-i;* 1:2 ^) 6: 121 a] *>ji, 2 *3el€^(22) *&o] 

°1)1M ej= 500 ^^1 1500A^^]S ^el^ev* ^^tA^ , ^ + 

Si 2# ^1 3 1-el ^e1^^(28)* "fl SiH 4 Si 2 H 6 2r PH 3 7]-^1- o]^H -£ 
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^^€r>ji oj* PH 3 7>>i» ^V^l-Jl <a^^AS Sl^^S^x) ^ ^<?> 
if- $o) w>^^>cf. ^^^01^.^(30)0. ^.o.^ ^o. £i E o^TEL ^B211 

^(post annealed stress) ZL^JL ^ £fe MS(SiH 4 ) JEfe DCS(SiH 2 CL 2 ) °+ WF 6 £) 

°l-§-^>^ 300 ifl^l 500TC^>ol^ x\^isV ^ 7^3*l(step coverage)* ^ 

f&*}JL, ^HB^-oi ^^-(Rs)-i- ^isM*] ^ oi^ Sr^^Hlo] 2.0 ifl*] 2.8 ^JEiS- ^^1 
7m #4. ^^M^ V (30)^M1 Si0 x N y £^ Si 3 N 4 » <>l-§-*H 

ARC#^§- ^^-o-fji, tJMJE nj-^HSf dl 4) (Gate mask and etching)^ -4 *£5. ^^^1= 4iH 
'HI ^ (Self aligned mask and etching) ^-8- ^r^*H SHI- ?1HB ^^-(32)-§- 

efl ^(Source/Drain)^ ^lS.^ « *8^th=K ^itr DDD 
I^-^sl Jl41 

w>^r ^£ 21*4 °l£r^°J ^ ^sj-ola o]^^ ^a^o. 

Str BF 2 °l£r# °l-§-*H ^ ^tr a}-§-^- ^ oiji, o)^m| , 

711 ^ ^ 5£^, ^-^ 3££* W 3^ HS.2r°J* 2^ If ^ £f. 
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[$^* 11 

°]-S: S.#BSl ^£ ^ *fM*}7l ^o)3_ oj^-g- <£X\Hfc 

#31; 
#31; 

^3)^ ^ojE 3^g- ^*Rf #31; ^ 

^■71 711 °1H <£^Sl ^-71 #5L*fl 71^1 ^ fl* °l^°d-a: 

DDD^S^ ^*Rr #7111- 5L^-*Rr ^-^^-S. ^ f-^l °fl-E.tL| ^7f^ ^3 

*n i *oHi 5a°w. 

^•71 3:^^ °l^r°d^ P Ef^Sl A>-g-*H 5 tfl^l 50 KeV^l 

M *1 1E11 vfl^l 1E13 ion/cnf^l ^<a*Hr #3) 1-elM nfls. 
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3] 

s&7] P EpJ i^e^ BF 2 91 3* ^8-2-3. *Vfe 1-eflAl ofla.^ ^>o] 



4] 

*fl 1 *oHl 5^*1, 

# 7 ] ^Bj-ojaL NH 3 , H 2 i&^b N 2 ^-^71 ^Hl^ 900 1100 °C£] ^a] 

*>J1, 100 vfl^l 250 °C/sec 91 *>^r nfls.^ -fc^SJ ^ «j- 

•a. 
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[51 la] 

I I I I I I I I 




[51 lb] 

I 1 I I I I I I 




[51 lc] 




[51 Id] 
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